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© Method and apparatus for adjustment of spacing between wafer and PVD target during 
semiconductor processing. 


© A heater and pedestal actuator (50) is provided 
to actuate the pedestal (34) of a deposition chamber 
(10) from a first position (12) wherein a wafer (30) 
may be placed thereon to a second position (14) 
adjacent to the deposition target (16). To adjust the 
inward travel of the heater (32) to compensate for 
target (16) erosion, the actuator (50) includes a worm 
drive apparatus (76) driven by a stepper motor (66). 
The worm drive (76) is pitched, and the stepper 
motor (66) is selected, to allow fine movement of the 
heater (32) on the order of less than .01 mm for 
each arcuate step of the stepper motor (66). A 
computer (400) is used to actuate the stepper motor 
(66), and cause additional stepper motor actuation, 
to increase the travel of the heater (32) toward the 
target (16) to compensate for target (16) erosion. 
Additionally, the computer (400) may vary the speed 
of the worm drive (76) rotation, to create different 
heater (32) travel speeds within the chamber (10). 
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The present invention relates to the processing 
of integrated circuit wafers and equipment useful 
for such processing. More particularly, the present 
invention relates to a method and apparatus for 
adjustment of spacing between wafer and PVD 
target during semiconductor processing. 

To sputter coat a deposition layer onto a sub- 
strate such as a wafer in a sputter chamber, a 
robot arm places a wafer onto a receiver which is 
located in the chamber to position the wafer over a 
resistance-heated support member commonly re- 
ferred to as a "heater". The heater moves through 
the receiver to position the wafer thereon (the first 
or lower position), and then moves upwardly into a 
second, upper position in close, preselected prox- 
imity with the target for deposition of the coating on 
the wafer. As the wafer is moved from the first 
position to the second position, it passes through a 
hanger on which a cover ring is suspended, and 
the wafer engages the ring and lifts the ring off the 
hanger. 

To ensure proper coating characteristics, the 
top of the wafer should be located approximately 
30 to 80 mm from the face of the target, and the 
edge of the wafer is masked by the ring to prevent 
passage of the reactive plasma in the chamber to 
the underside of the wafer. The actual target-to- 
wafer distance is selected to establish the required 
coating thickness and properties, and this estab- 
lished distance must be maintained with minimal 
deviation as each subsequent wafer is processed 
with the same target. However, as wafers are se- 
quentially coated using the same target, the sur- 
face of the target is eroded, thereby causing the 
target to become physically smaller. Thus, the tar- 
get-to-wafer distance increases unless the heater is 
moved further upward to compensate for target 
erosion. 

To move the heater from the lower position at 
which it receives the wafer to the upper position at 
which the wafer is processed, a pedestal is con- 
nected to the underside of the heater and has a 
shaft extending out the bottom of the chamber 
where it is driven by a positioning device. A phys- 
ical stop is provided in the positioning device to 
engage a finger on the pedestal to limit upward 
movement of the pedestal shaft into the chamber. 
By adjusting the location of this physical stop, the 
amount of travel of the pedestal from the first 
position to the second position before the physical 
stop engages the finger may be varied, and thus 
the travel of the heater inwardly of the chamber 
can be controlled. As the target erodes and the 
distance between the target and wafer increases, 
the location of the stop may be manually adjusted 
to increase the travel of the heater and thus 
reestablish the proper distance between the wafer 
and target. Eventually, the target will erode to a 


point where it must be replaced. In most instances, 
the target must be replaced after 20 mm of erosion 
has occurred. — 

To establish the initial target-to- wafer distance, 

5 and to re-set that distance by adjusting the stop, a 
number of wafers may be processed, and the 
thickness of the deposition created thereon mea- 
sured so that the stop may be finely adjusted to 
establish the target-to- wafer distance which pro- 

io vides the desired deposition thickness. To establish 
the desired deposition, which results at the proper 
wafer-to-target distance, several wafers may be 
run, and the stop adjusted, until the deposition is 
optimized. In part as a result of the physical limita- 

75 tions of the mechanical stop, the acceptable toler- 
ance on the desired wafer-to-target distance is one 
mm. Thus, when the target erodes a sufficient 
amount to cause the deposition layer on the wafer 
to approach an unacceptable thickness, the stop is 

20 moved to compensate for that target erosion. It is 
contemplated to move the stop in increments of up 
to one mm to compensate for target erosion. To 
accomplish this adjustment, the processing in the 
chamber must be stopped, and a technician must 

25 make a manual adjustment to move the stop the 
desired distance. 

It should be appreciated that a 1 mm adjust- 
ment of the target-to-wafer distance will result in an 
overall change of between 3% and 1.25% of the 

30 total wafer-to-target distance. This change could 
result in substantial differences in deposition thick- 
ness between the last wafer processed before ad- 
justment and the first wafer processed after adjust- 
ment. 

35 In one prior-art device, a worm drive is used to 

move a susceptor in a chemical-vapor deposition 
(CVD) chamber. However, no provision is neces- 
sary in that device to incrementally compensate for 
target erosion from wafer to wafer. 

40 In another prior-art device, the positioning de- 

vice moves the pedestal through a pneumatic pis- 
ton actuator which is disposed parallel to the ped- 
estal shaft. A control rod extends from the piston 
actuator and terminates in a crossbar which is also 

45 linked to the pedestal shaft. The pedestal shaft has 
two positions: the pedestal-retracted position, in 
which the piston control rod is fully extended to 
hold the pedestal down in the retracted position 
and thus the heater in the first position; and, the 

so pedestal-extended position, wherein the piston con- 
trol rod is retracted into the pneumatic piston to 
move the pedestal upwardly in the chamber until 
the stop engages a manually adjustable limit finger 
on the pedestal, and thus positions the heater in 

55 the second position. Again, no provision is made to 
incrementally compensate for target erosion from 
wafer to wafer. 
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This prior-art method and apparatus for control- 
ling the wafer-to-target distance has several dis- 
advantages. Adjustment of the wafer-to-target dis- 
tance may only be accomplished when wafer pro- 
cessing is stopped, by adjusting the location of the 
stop to permit greater pedestal travel before the 
finger engages the stop. Further, even after the 
stop is adjusted, the effect of the adjustment must 
often be evaluated empirically by measuring de- 
posit thickness, and at times further adjusted, be- 
fore the wafer-to-target distance is properly estab- 
lished. As the wafer-to-target distance commonly 
must be adjusted after every 100 wafers, the ad- 
justing process is time-consuming and expensive. 
Additionally, the movement of the heater and wafer 
from the first position to the second position must 
be accomplished at a relatively low rate of speed, 
to ensure that the engagement of the wafer against 
the cover ring does not cause the wafer to chip or 
crack. Because the pedestal speed of the prior-art 
devices is not adjustable while the heater and 
wafer thereon are in motion, the entire movement 
of the heater and wafer is governed by the maxi- 
mum permissible engagement speed of the wafer 
against the cover ring. This results in substantial 
dead time during processing, while the pedestal 
slowly moves the heater up to engage the cover 
ring on the wafer and then position the wafer adja- 
cent to the substrate for processing. 

Wang et al. in U.S. Patent 4,872,947 describe 
a CVD plasma reactor in which the wafer is sup- 
ported on one electrode which can be variably 
spaced from the other electrode to better control 
the plasma. 

The invention provides an improved method 
according to independent claim 1 or 15 and an 
improved apparatus according to independent 
claim 16 or 23. Further advantageous features, 
aspects and details of the invention are evident 
from the dependent claims, the description and the 
drawings. The claims are intended to be under- 
stood as a first non-limiting approach of defining 
the invention in general terms. 

The invention according to a preferred aspect 
provides processes and equipment coating inte- 
grated circuit wafers which compensate for target 
erosion which occurs during consecutive wafer 
coating operations. The invention maintains a con- 
sistent distance between the wafer and the target 
as consecutive wafers are coated from the same 
target and thus maintains a consistent and predict- 
able coating thickness from wafer-to-wafer over the 
useful like of the target. The present invention is 
also directed to processing equipment which may 
be used to decrease the processing cycle time for 
each wafer processed with the processing equip- 
ment, and thus increase the productivity of the 
processing equipment 


According to another aspect of the invention, a 
heater and pedestal actuator is provided to actuate 
the pedestal of a deposition chamber from a first 
position wherein a wafer may be placed thereon to 
5 a second position adjacent to the deposition target. 
To adjust the inward travel of the heater to com- 
pensate for target erosion, the actuator includes a 
worm drive apparatus driven by a stepper motor. 
The worm drive is pitched, and the stepper motor 
10 is selected, to allow fine movement of the heater 
on the order of less than 0.01mm for each arcuate 
step of the stepper motor. A computer is used to 
actuate the stepper motor, and cause additional 
stepper motor actuation, to increase the travel of 
75 the heater toward the target to compensate for 
target erosion. Additionally, the computer may vary 
the speed of the worm drive rotation to create 
different heater travel speeds within the chamber. 
It is a further aspect of the invention to provide 
20 an apparatus for finely adjusting the wafer-to-target 
distance over the life of the target to ensure consis- 
tent deposition formation without the need to man- 
ually adjust the inward travel of the pedestal to 
compensate for target degradation or erosion. 
25 It is another aspect of the invention to provide 

an apparatus which permits variation in the travel 
speed of the heater during the movement of the 
heater from the first position to the second position 
and thus allow relatively fast heater travel prior to 
30 the engagement of the wafer against the cover ring, 
followed by relatively slow heater travel as the 
wafer engages the cover ring. 

In accordance with a specific aspect of the 
invention, an apparatus is provided to automatically 
35 increase the travel of the heater from the first 
position wherein the wafer is received on the heater 
to the second position wherein the wafer is posi- 
tioned adjacent the target, to compensate for target 
erosion resulting from the processing of the imme- 
40 diately preceding wafers, and to vary the travel 
speed of the heater as the heater moves the wafer 
within the chamber for processing. 

In a preferred embodiment, the apparatus is 
configured for sputter coating, and includes a 
45 chamber having a feed sputtering target therein, a 
heater disposed in the chamber which receives the 
wafer thereon for processing, a pedestal assembly 
interconnected to the heater and extending out- 
wardly from the chamber, and an actuator con- 
so ■ nected to the pedestal to move the heater from the 
first position to the second position and initiate 
additional travel of the heater from the first position 
to the second position to compensate for target 
erosion as wafers are processed in the chamber. 
55 In one embodiment of the invention, the ac- 

tuator is a worm drive interconnected to a stepper 
motor, and a controller is provided to step the 
motor additional steps, and thus increase the rota- 
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tion of the worm drive, as the target erodes. This 
additional rotation is preferably translated into lin- 
ear motion of the pedestal, and thus induces addi- 
tional movement of the heater toward the target to 
compensate for target erosion. Further the control- 
ler may be programmed to increase the travel of 
the heater to compensate for target erosion after 
each wafer is processed, or after a discrete number 
of wafers are processed. 

Additionally, the use of a controller, in conjunc- 
tion with a motor drive, permits the use of differen- 
tial heater travel speeds during the processing of 
each wafer. The controller advantageousl signals 
the motor to move the heater at a first, relatively 
high speed to position the heater and wafer adja- 
cent the cover ring, and then signals the motor to 
move the heater and wafer at a relatively low 
speed to engage the cover ring and move the 
heater, wafer and cover ring thereon into position 
adjacent to the target for processing. 

According to another aspect of the invention, 
an apparatus is provided for compensating for tar- 
get erosion occurring during sequential processing 
of substrates in a chamber having a deposition 
target therein, comprising: 

a substrate support member disposed within 
the chamber, having an end portion extending from 
the chamber, and movable between a first position 
to receive a substrate thereon and a second posi- 
tion a pre-selected distance from the target to 
position a substrate thereon adjacent to the target 
for processing; and 

a drive member interconnected to said end 
portion to move said substrate support member 
between said first position and said second posi- 
tion, said drive member including a logic member 
responsive to the amount of target erosion resulting 
from previous processing with the target to cause 
the drive member to vary the travel of said sub- 
strate support member thereon between the first 
position to the second position to compensate for 
the erosion. Said logic member preferably includes 
a control member which accumulates an operative 
sputtering value during use of the target that is 
related to an amount of erosion of the target. Ad- 
vantageously the control member may include a 
computer. Said logic member further may include a 
counter disposed on said drive member intercon- 
nected to the computer to measure the movement 
of the drive member and/or a zeroing apparatus to 
position the substrate support member at a pre- 
determined position without reliance on an elec- 
tronically stored value of a previous state of said 
apparatus. Said drive member preferably may in- 
clude a worm drive and/or a transfer arm disposed 
on said end portion, said transfer arm advanta- 
geously including a threaded hole therethrough en- 
gageable with said worm drive. 


According to a still further aspect of the inven- 
tion, an apparatus is provided for positioning sub- 
strates within a chamber at a preselected distance 
from a target therein, and maintaining that 
5 preselected distance with successively processed 
substrate as the target erodes during substrate 
processing, comprising: a movable support mem- 
ber receiving a substrate thereon; a drive member 
connected to said support member and actuable to 

w move said support member to a preselected dis- 
tance from the target; and a control member inter- 
connected to said drive member and controlling the 
actuation of said drive member to position said 
support member at the preselected distance from 

75 the target as each substrate is processed with the 
target. Therein said target may erode as succes- 
sive wafers are processed. Preferably said support 
member includes a pedestal having a first end 
receiving said wafer and a second end projecting 

20 out of the chamber. Said control member may 
further include a position read member, and said 
drive member may receive inputs from said posi- 
tion read member, to determine the location of said 
support member in said chamber. Advantageously 

25 said control member may further include a com- 
puter wherein said position read member includes 
a zero position sensor which transmits a signal to 
said computer when said support member is in a 
fully retracted position from the target. Further, said 

30 position read member may also include a move- 
ment sensor which transmits a signal to said com- 
puter corresponding to a discrete movement of 
said support member in the chamber, wherein ad- 
vantageously said computer actuates said drive 

35 member which preferably includes a worm gear, to 
establish said support member at a zero position, 
and then actuates said drive member to move said 
support member from said zero position to a posi- 
tion at the preselected distance from said target. 

40 The computer may further initiate additional move- 
ment of said support member, corresponding to the 
depth of erosion of the target resulting from all 
substrates previously processed with the target, as 
the drive member moves the support member from 

45 the zero position to the preselected distance from 
the target. 

According to a still further aspect, the invention 
provides a method of positioning a substrate sup- 
port at a specific distance from the surface of a 

so target in a processing chamber as the target 
erodes as a result of the consecutive processing of 
substrates with the target, comprising: connecting a 
drive member to the substrate support; moving the 
drive member to move the substrate support from 

55 a position a distance from the target to the specific 
distance from the target; providing a logic member 
interactive with the drive member to increase the 
distance the drive member moves to position the 
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substrate support at the specific distance form the 
target by an amount corresponding to the target 
erosion resulting from the previous processing by 
the target of as few as one substrate. The method 
may further include the steps of: determining the 
location of the substrate support with the logic 
member; controlling the movement of the substrate 
support with the logic member; and locating the 
substrate support at the specific distance from the 
target as each wafer is processed, wherein prefer- 
ably said logic member includes a movement sen- 
sor and an interactive computer which receives 
inputs from the movement sensor and transmits an 
output to the drive member to position the support 
member in response to those inputs and/or wherein 
said logic member may further include a zero 
position sensor interactive with said computer. 

According to a still further aspect, the invention 
provides an apparatus for positioning a substrate 
within a processing chamber, comprising: a sub- 
strate support member disposed within the cham- 
ber and movable between a first position to receive 
the substrate thereon, an intermediate position to 
receive a ring thereon, and a second position to 
position a substrate thereon for processing; a ped- 
estal having a first end portion interconnected to 
said substrate support member and a second end 
portion extending from the chamber; and a drive 
member interconnected to said second end portion 
of said pedestal to move said pedestal to move 
said substrate support member from said first posi- 
tion, through said intermediate position, and into 
said second position; said drive member including 
an interactive logic member responsive to the posi- 
tion of the pedestal in said chamber and which 
moves said pedestal to move said substrate be- 
tween said first position and said second position, 
said logic member causing said pedestal to move 
at different travel speeds at different positions with- 
in the chamber. In this apparatus preferably said 
pedestal moves at a first speed to move said 
heater from said first position to a position imme- 
diately below said intermediate position, and a sec- 
ond speed different than said first speed from the 
position immediately below said intermediate posi- 
tion to said second position, wherein said second 
speed preferably is slower than said first speed. 
Said drive member may include a stepper motor 
and a worm drive and/or said logic member may 
include at least one position read member. Ad- 
vantageously said logic member may further in- 
clude a controller, and/or said position read mem- 
ber generates a signal corresponding to the posi- 
tion of said substrate in said chamber. 

According to a still further aspect of the inven- 
tion, a method is provided for moving a substrate 
within a chamber from a lower position wherein the 
substrate is placed into the chamber for process- 


ing, through an intermediate position wherein a ring 
is located over the edge of the substrate, to an 
upper position wherein the substrate and cover ring 
thereon are in position for substrate processing, 
5 comprising the steps of: moving the substrate from 
the lower position to a position just below the 
intermediate position at a first speed; and moving 
the substrate from the position just below the inter- 
mediate position to a second position above said 
10 intermediate, and thereby receiving the cover ring 
on the substrate, at a second speed. Advanta- 
geously said first speed is greater than said sec- 
ond speed. The method may comprise as a further 
step moving said substrate from the second posi- 
75 tion to said upper position at a speed greater than 
said second speed. 

According to a still further aspect of the inven- 
tion, there is provided a method of contacting a 
mechanical member with a substrate within a pro- 
20 cessing chamber, comprising the steps of: moving 
one of said mechanical member and said substrate 
together at a first speed; and then moving said one 
of said mechanical member and said substrate 
together at a second speed less than said first 
25 speed such that said mechanical member and said 
substrate contact each other. 

These, and other objects and advantages of 
the invention will be apparent from the following 
description when read in conjunction with the ac- 
30 companying drawings, wherein: 

Figure 1 is a sectional view of a sputtering 
chamber, showing the actuating system of the 
present invention attached thereto in partial 
cutaway; 

35 Figure 2 is a enlarged plan view of the actuating 
system of Figure 1 disposed to position the 
heater in the first position; 

Figure 3 is an enlarged plan view of the actuator 
of the present invention disposed to position the 
40 heater in the second position; 

Figure 4 is a plan view of the counter used with 
the actuator of the present invention; and 
Figure 5 is a schematic of the chamber, actuator 
and computer control system of the present 
45 invention. 

Referring to Figure 1, a sputtering chamber 10 
is shown coupled to a pedestal and heater actuator 
50 for moving a wafer 30 from a first position 1 2 at 
which a wafer 30 is received upon a heater plate 
so 32 at a distance from the sputtering target 16, to a 
second position 14 adjacent to the sputtering target 
16 at which the wafer 30 is processed. 

Sputtering chamber 10 includes an outer, gen- 
erally cylindrical wall 18 interconnected to a lower, 
55 generally circular base 20 and a cover 22, dis- 
posed over wall 1 8 opposite to the base 20. Cover 
22 includes target 16 suspended therefrom, and a 
wafer cover ring hanger 24, including wafer cover 
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ring 26 suspended thereon, projecting downwardly 
into chamber 10 from cover 22 and in alignment 
with target 16 and heater plate 32. Wall 18 also 
includes a slit valve 28 therein. A wafer receiver 
apparatus 29 is disposed within chamber 20 to 
receive a wafer 30 for processing in chamber 10. A 
robot arm (not shown) may enter chamber 10 
through slit valve 28 to place a wafer 30 on wafer 
receiver apparatus 29 therein. 

To move the wafer 30 from the first, lower 
position 12 a distance from target 16 to a second, 
upper position 14 adjacent target 16 for sputtering 
a deposition layer thereon, the heater plate 32 is 
disposed inside of the chamber 10 and is intercon- 
nected to the upper terminus of an axially movable 
pedestal 34. Heater plate 32 is preferably heated 
by an electrical resistance heater disposed therein. 
Pedestal 34 includes a tubular extending rod por- 
tion 33 and a generally circular plate portion 35 
disposed on the upper terminus of rod portion 33. 
Plate portion 35 is attached to the underside 36 of 
heater plate 32 and rod portion 33 extends out- 
wardly from the chamber 10 through an aperture 
38 in chamber base 20. Receiver apparatus 29 is 
positioned to receive wafer 30 from a robot and 
supports the wafer 30 over heater plate 32. Pedes- 
tal 34 is movable through aperture 38, and may be 
moved to pass heater plate 32 through receiver 
apparatus 29 and thus locate the wafer 30 on 
heater plate 32 at the lower position 12, and then 
may be moved further inwardly and upwardly of 
aperture 38 to locate the wafer 30 on heater plate 
32 in the upper position 14 adjacent to the target 
16 for sputtering. Chamber 10 also includes a gas 
inlet, a gas outlet, and a vacuum source. During 
sputtering operations, the chamber 10 is evacuated 
to a very low pressure, nearly a vacuum, and the 
wafer 30 is moved from the lower position 12 into 
the upper position 14 adjacent to the target 16 for 
processing. An RF source is energized while gas is 
supplied into chamber 10. The RF energy ionizes 
the gas to form a plasma. Ions in the plasma are 
electrostatically attracted to the target 16 and sput- 
ter or dislodge target material, which in turn coats 
the wafer 30 to thereby deposit a desired layer of 
target material on wafer 30. Wafer 30 is then with- 
drawn by heater plate 32 from the upper position 
14 to the lower position 12, at which the wafer 30 is 
returned to receiver apparatus 29 and may be 
removed through the slit valve 28 by a robot, or 
additionally processed within the chamber 10. 

As the wafer 30 is moved upwardly from the 
lower position to the upper position 14 on heater 
plate 32, the edge of wafer 30 engages the inner 
diameter of the cover ring 26 suspended on a 
cover ring hanger 24 and lifts cover ring 26 off 
hanger 24 and carries it upwardly with wafer 30 to 
the second, upper position 16. The cover ring 26 


shields the edge of the wafer 30 to limit the deposi- 
tion of a layer on the edge and underside thereof, 
and also blocks off the interior of chamber 10 
below cover ring 26, and thus limits the formation 

5 of a deposition layer on the interior of chamber 10. 
Heater plate 32 includes an upper, inwardly spheri- 
cal portion 46, which is ported, via tubing 40, to a 
supply of non-reactive gas, such as argon. The 
cover ring or shield 26 and spherical portion 46 

w cooperate with wafer 30 to form a pocket 48 be- 
tween wafer 30 and heater plate 32, into which 
pressurized argon or other non-reactive gas is in- 
jected to prevent deposition of a layer on the 
underside of the wafer 30 and provide a heat 

75 transfer mechanism to thermally couple wafer 30 to 
heater plate 32. The gas must be supplied under 
pressure, as some portion thereof will leak out- 
wardly beyond the edge of wafer 30 and past 
shield 26. The passage of gas past wafer 30 edge 

20 and shield 26 also helps prevent deposition on the 
edge of wafer 30. 

Referring now to Figures 1 through 3, the 
mechanisms of pedestal and heater actuator 50 for 
moving heater plate 32 and wafer 30 thereon from 

25 the lower position 12 to the upper position 16 are 
shown. Pedestal and heater actuator 50 includes a 
motion actuator 52 which has a fixed part attached 
to the chamber base 20 and a movable part me- 
chanically linked to a motion transfer arm 54. The 

30 motion transfer arm 54 is also interconnected to 
the base of rod portion 33 of pedestal 34. When 
motion actuator 52 is actuated, it moves motion 
transfer arm 54 attached to the lower end of rod 
portion 33 of pedestal 34, and thus moves rod 

35 portion 33 either inwardly and outwardly of cham- 
ber 10 to position heater plate 32 in either the 
lower 12 or the upper position 14. 

Motion actuator 52 includes a drive assembly 
58, read assemblies 60 and 61 for mechanically 

40 determining the state of the apparatus and an inter- 
active controller 400 (Fig. 5) interconnected to the 
read assemblies 60 and 61 and to the drive assem- 
bly 58 with communication cables 64 (Figure 5). 
Controller 400 activates drive assembly 58 to 

45 cause movement of motion transfer arm 54 to 
move pedestal 34 and heater plate 32 thereon, and 
determines and controls the movement and posi- 
tioning of heater plate 32 through read members 
60, 61. In the preferred embodiment, drive assem- 

50 bly 58 includes a motor 66. However, other drive 
assembly 58 configurations may be employed with- 
out deviating from the scope of the invention. 

Referring now to Figure 2, in a preferred em- 
bodiment drive assembly 58 is interconnected to 

55 transfer arm 54 by worm drive 76. When drive 
assembly 58 is actuated, worm drive 76 is rotated 
and that rotational motion is translated through 
worm drive 76 into linear motion of transfer arm 54 
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and pedestal 34 attached thereto. Drive assembly 
includes a motor 66 to drive worm drive 76. Drive 
assembly 58 is rigidly fixed to chamber 10 by a 
bracket, or other member (not shown). 

Figures 2 and 3 show the worm drive 76 at two 
different positions, received in and extending from 
drive assembly 58. Worm drive 76 includes a ma- 
jor diameter worm track portion 120 at its center, 
and is supported at its upper end in drive assembly 
58. In the preferred embodiment, the drive assem- 
bly 58 includes a separate stepper motor coupled 
to a bearing case, which receives the upper end of 
worm drive 76 therein. The bearing case includes 
bearings which are piloted into bores within the 
case, which receive the upper end of worm drive 
76 therein. A pulley and belt configuration is used 
to transfer rotary motion of the motor to the worm 
drive 76. Worm drive 76 also includes a lower 
extending portion 122 which extends from the low- 
er end of worm track portion 120 to terminate at 
first shaft end 134, which is threaded about its 
circumference. 

Rotary worm drive motion is translated into 
axial motion of driven section 74 located at the 
bottom of actuator 50 to drive pedestal 34. Driven 
section 74 includes a plastic nut 290 threaded over 
worm drive 76 and connected to motion transfer 
arm 54. Motion transfer arm 54 includes a through 
aperture into which worm drive 76 projects, and 
plastic nut 290 is threaded on the portion of worm 
drive 76 projecting therethrough. Plastic nut 290 
includes an inner, helically-splined aperture which 
engages on worm drive portion 120 of worm drive 
76. Nut 290 is affixed to transfer arm 54 by a 
plurality of bolts 300. To prevent movement of 
driven section 74 past the lower end of worm drive 
76, a washer and nut are disposed over a lower 
shaft end 134 and secured against the lower end of 
worm drive 76. 

Referring now to Figures 1 and 5, a reaction 
bracket and sleeve assembly 320 prevents rotary 
motion of transfer arm 54 otherwise induced by 
rotation of the worm drive 76 and thus of nut 290 
attached. This sleeve assembly 320 includes a 
sleeve 322, formed as an integral part of drive 
assembly 58 and extending vertically in parallel 
with worm drive 76. A reaction rod 324 passes 
through sleeve 322 and is connected at the lower 
end 326 thereof to transfer arm 54 by means of rod 
base 330. 

Transfer arm 54 is interconnected to, and ac- 
tuates, pedestal 34 to move heater plate 32 to 
compensate for target erosion. Pedestal rod portion 
33 includes a base 350 which is rigidly connected 
to transfer arm 54. The portion of pedestal rod 
portion 33 extending below chamber base 20 is 
surrounded by a telescoping RF shield 356, which 
includes a series of telescoping tubes substantially 


larger in circumference than pedestal rod 33, and 
terminating at their upper end in a chamber plate 
358 which is connected to the underside of cham- 
ber 10, and terminating at their lower end in a base 
5 plate 360 connected to transfer arm 54. A gas 
supply line 40 and vacuum supply lines (not 
shown) may be fed through the hollow core 354 of 
pedestal rod portion 33 into the pocket 48 formed 
between of heater plate 32 and wafer 30. The 

io injection of gas under the wafer 30 helps prevent 
accumulation of deposition materials on the edge 
or underside of wafer 30, and promote thermal 
transfer between heater plate 32 and wafer 30. 

Vertical movement of heater plate 32 within 

75 chamber 10, by actuation of the motor 66 in drive 
assembly 58, will now be described with reference 
to Figures 1 to 3. In Figures 1 and 2, pedestal and 
heater actuator 50 is positioned to locate the heater 
plate 32 in the lower, first position 12. In Figure 3, 

20 pedestal and heater actuator 50 is moved to locate 
heater plate 32 (not shown in Figure 4) in the 
upper, second position 14. Motor 66 responds to 
input signals, and turns a discrete arcuate distance 
in response to a single input signal, and a second 

25 bi-polar directional signal. In the preferred embodi- 
ment, motor 66 is a stepper motor, and a pulsed 
signal is sent by a controller 400 through one of 
signal cables 64. Each step of the motor 66 in 
response to a signal pulse rotates output shaft 84 a 

30 discrete amount. Controller 400 is preferably based 
on a VME bus. The rotary movement of motor 
output shaft 84 rotates the worm drive 76. The 
rotary motion of worm drive 76 is transferred via 
worm track portion 120 and helical splines in nut 

35 290 into axial movement of transfer arm 54. As nut 
290 is rotationally fixed with respect to transfer 
case 80, because transfer arm 54 is rotationally 
fixed via rod 324 in sleeve 322, rotary motion of 
the worm drive 76 with nut 290 vertically moves 

40 the nut 290 and reaction arm 54 attached thereto 
with respect to worm drive 76. As worm drive 76 is 
substantially parallel to pedestal rod portion 33, 
equal axial movement occurs in pedestal 34 and 
heater plate 32 attached thereto. In the preferred 

45 embodiment, the pitch of worm track portion 120, 
and rated number of steps of motor 66 per com- 
plete revolution thereof, will result in movement of 
heater plate 32 of less than 0.01 mm per motor 66 
step. 

so Thus, to move heater plate 32 from the lower, 

retracted position 12 to the extended, upper posi- 
tion 14 adjacent to the target, motor 66 will receive 
sufficient pulses, in a continuous square or sine- 
wave from controller 400, which will cause motor 

55 66 to move almost continuously to move heater 
plate 32 into position for wafer processing. After 
processing is complete, motor 66 will be actuated, 
by an equal number of pulses from controller 400, 
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to rotate in the reverse direction and thus pull 
heater plate 32 away from the target. 

To fully exploit the invention, the controller 400 
is placed into an interactive mode, wherein it de- 
tects the position of the heater plate 32, and thus 
the wafer 30, and compensates for target erosion 
without manual adjustment. To operate in an inter- 
active mode, the controller 400 must be able to 
determine, and control, the position of the heater 
plate 32 at any time. Referring to either Figures 2 
or 3, read member 60 includes a counter 420 and 
read member 61 includes a resettable zero appara- 
tus 440, which provide data to allow the controller 
400 to determine and control the position of heater 
plate 32 within chamber 10. 

The zero apparatus 440 includes an upright 
zero position read blade 442 mounted on transfer 
arm 54 and extending substantially perpendicular 
thereto, and a zero position read head 444 which is 
attached to drive assembly 58 by arm 446. Arm 
446 holds read head or sensor 444 in a fixed 
position in relation to drive assembly 58. Sensor 
444 is a light-sensitive sensor or opto-coupling, 
which is capable of detecting a sharp differential in 
the reflectivity of a material moving within the read 
field thereof. Blade 442 includes a first darkened 
portion 448 and a second, light portion 450 which 
meet to form a boundary at a transverse line 452. 
First, darkened portion 448 and second, light por- 
tion 450 have different reflectivity. A cable 64 inter- 
connects read sensor 444 and controller 400. 

In the event of a power failure, or, when the 
chamber 10 is first energized, controller 400 will 
have insufficient information in its electronic mem- 
ory to establish a base line, or zero position, for 
establishing the travel of heater plate 32 into posi- 
tion the proper distance from target 16 for sputter 
coating. Therefore, when power is established, con- 
troller 400 will pulse motor 66 to move transfer arm 
54 up or down, and thus move blade 442 up or 
down within sensor 444. When transverse line 452 
passes into registration with the center of the sen- 
sor 444, the sensor 444 transmits a signal to the 
controller 400, and the controller 400 stops sending 
pulses to motor 66 and thus movement stops. The 
individual components of pedestal and heater ac- 
tuator 50, pedestal 34, heater plate 32 and target 
16 have tolerances such that the positioning of 
transverse line 452 on blade 444 establishes a 
"zero" position for the top of a wafer 30 on heater 
plate 32 in the lower position 12. 

Referring now to Figures 2, 4, and 5, counter 
420 is physically interconnected to motor shaft 84 
and electrically interconnected to controller 400 by 
cable 64. Counter 420 includes a primarily light- 
colored disc 422 attached to shaft 84 extending 
axially outwardly from motor 66, but having a plu- 
rality of radially extending dark lines 426 disposed 


about the upper portion thereof adjacent to the 
outer circumference thereof. A counter read head 
or sensor 424 is attached to motor 66 and has a 
slot through which the edge of disc 422 can rotate. 
5 Disc 422 preferably includes the same number of 
radial lines 426 as the number of steps required for 
one stepper motor revolution. Each of radial lines 
426 have a different reflectivity than the base color 
of disc 422. 

w As motor 66 receives a pulse from controller 

400, motor 66 turns shaft 84 and worm drive 76, 
and thus causes axial movement of pedestal 34 
and rotational movement of disc 422. The move- 
ment of disc 422 causes a light and a dark line to 

75 pass through the read area of counter 420, which 
causes counter 420 to send a pulse to controller 
400 to signal the completion of a step of motor 66. 
Controller 400 will tabulate return pulses for each 
sent pulse, and if a return pulse is not received 

20 from counter 424 in response to a sent pulse, it will 
shut down the pedestal and heater actuator 50 and 
indicate a fault. 

Referring again to Figure 1, pedestal and heat- 
er actuator 50 is used to vertically locate the heater 

25 plate 32 within a desired distance, and. tolerance, 
from the target 16. In sputter deposition, the wafer 
30 must be located at a preselected distance (the 
second, upper position 14) within the range of 30 
mm to 80 mm from the target 16, and to ensure 

30 wafer-to-wafer consistency, the next wafer and 
each subsequent wafer must be closely maintained 
to that preselected distance. The actuator 50 of the 
present invention is particularly well suited to so 
position the heater plate 32 and wafer 30 thereon, 

35 with better precision than the hydraulic ram of the 
prior art. Importantly, the extent of travel of the 
heat, and thus the wafer-to-target spacing, can be 
adjusted without breaking the vacuum of the pro- 
cessing chamber. Also, the motor is advantageous- 

40 ly located outside the chamber to thereby minimize 
contaminants. 

To actuate the heater plate 32 into position 
when a new target is installed, controller 400 ac- 
tuates actuator 50 to position transverse line 452 in 

45 sensor 444 to "zero" the system. Controller 400 
then determines a travel distance, and generates 
the number of pulses to motor 66 necessary to 
move transfer arm 54, and pedestal 34 and heater 
plate 32 attached thereto, that same distance into 

so position for processing. Controller 400 verifies that 
the correct number of steps have occurred, by 
monitoring return pulses from counter 420. When 
the correct number of pulses are sent to move 
heater plate 32 from first position 12 to second 

55 position 14, and a corresponding number of re- 
turned pulses are received, the controller 400 stops 
sending pulses and thus stops moving the motor 
66. When processing is complete, an equal number 
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of return pulses are sent and read by the controller 
400, to actuate motor 66 in the reverse direction 
and thus move heater plate 32 down into position 
adjacent to the slit valve 28 so that the completed 
wafer 30 may be removed and a new wafer 30 may 
be placed thereon. Controller 400 verifies the return 
of heater plate 32 to the first position 12 through 
sensor 444. 

To compensate for target erosion, controller 
400 sends additional pulses, to cause beater plate 
32 to move further from the first position 12, and 
thus compensate for erosion of the target 16. Rath- 
er than manually adjust the controller 400, it is 
contemplated that controller 400 automatically 
compensates for the erosion. 

For example, the controller 400 may be 
preprogrammed with an "erosion curve, " estab- 
lished from experiment, which allows the computer 
to compensate incrementally from wafer to wafer 
for the expected target 16 erosion. In one embodi- 
ment, the controller 400 simply counts every wafer 
30 since a new target 16 was installed in the 
chamber 10, pulls from its memory the expected 
erosion from the cumulative wafer processing, and 
adds a number of pulses to the sent pulses neces- 
sary to compensate for that erosion by further 
actuating motor 66. For example, in this embodi- 
ment, if the stored data indicate that total target 
erosion as a result of the cumulative wafers pro- 
cessed should be .5 mm, the controller 400 will 
generate sufficient additional pulses and the heater 
plate 32 will move an additional .5 mm from the 
nominal upper position 14 further upwardly toward 
target 16 to process the next wafer 16. An equal 
number of additional pulses is added in the retract 
step. Thus, throughout the expected life of the 
target 16, target erosion is compensated for by 
additional beater plate 32 travel without the neces- 
sity for manual intervention to adjust parts of the 
chamber 10. Further, target 16 erosion may be 
compensated for before a full millimeter of erosion 
has occurred, and thus the part-to-part processing 
consistency of the wafers 30 is substantially in- 
creased, by substantially reducing the need to 
make major, i.e., one mm, adjustments to com- 
pensate for target 16 erosion. Although the target- 
to-wafer separation is optimally adjusted for each 
new wafer, major benefits of the invention can be 
obtained if the distance is adjusted every few wa- 
fers. 

The above simple automated erosion compen- 
sation assumes that all wafers are deposited with 
the same thickness of sputtered material, which is 
not necessarily true over the life of a target. Simple 
monitoring schemes can indirectly determine the 
amount of target erosion. The controller 400 may 
be programmed to accumulate the total number of 
kilowatt-hours of RF power applied to the plasma 


used in sputtering the particular target. This value 
is closely related to the total amount of erosion of 
the target. Of course, at constant RF power, only a 
cumulative sputtering time is required. Alternative- 
5 ly, an end-point detector may dynamically measure 
the thickness of material being deposited so that 
the deposition process is terminated at a precisely 
determined thickness. The controller 400 may be 
programmed to accumulate these measured thic- 
10 knesses for a particular target, which value is 
closely related to target erosion. A calibration pro- 
cedure optimizes the relationship between any of 
these values and the additional distance the heater 
needs to move the wafer. All these methods mea- 
ts sure a cumulative operational value of the sputter- 
ing apparatus since the installation of a fresh tar- 
get. 

In addition to providing wafer-to- wafer adjust- 
ment of the target to wafer distance, the pedestal 

20 and heater actuator 50 may be used in combination 
with controller 400 to vary the speed of pedestal 
34, and thus heater 32 and wafer 30 thereon, 
during the movement of the heater 32 from the first 
position 12 to the second position 14, and thus 

25 move the heater at a first, high speed, from the first 
position to a position just prior to engagement with 
the ring 26, and then at a lower speed to engage 
the ring 26 on the wafer 30 and move the wafer 30 
into second position 14 adjacent to target 16 for 

30 processing. To move heater 32 at differential 
speeds, computer 400 sends signal pulses to mo- 
tor 66 at a first, higher rate, thus causing motor 66 
to rotate shaft 84 and worm drive 76 at a relatively 
high rate of speed to move transfer arm 54, and 

35 pedestal 34 thereon, at a corresponding high 
speed. Controller 400 is programmed with the dis- 
tance from the first position to the ring 26, and thus 
transmits sufficient pulses to motor 66 to move 
heater 32 the appropriate distance at the high 

40 speed to position the wafer 30 just under the ring. 
Then, controller 400 transmits pulses at a slow 
rate, corresponding to the proper engagement 
speed of the wafer 30 against ring 26, and contin- 
ues to move heater 32 at that low speed to move 

45 heater 32 from just below ring 26 into the contact 
of the wafer 30 with the ring 26. After contact, the 
speed may be increased until the heater 32 as- 
sumes its second, upper position 14. A corre- 
sponding variable speed may be directed by con- 

50 troller 400 to retract heater 32 and wafer 30 from 
the second position 14. When the wafer 30 is about 
to a position where the ring 26 contacts and is 
received on hanger 24, the speed of the heater is 
reduced to a low speed, and thereafter the speed 

55 of the heater 32 is increased speed to fully retract 
the heater 32 to the first, lower position. The lower 
speed at contact reduces shock and thus lowers 
particulate production. However, the higher speed 
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otherwise speeds increases production throughput. 

The concept of the variable speed of the heater 
or other wafer support may be applied to other 
deposition apparatus in which the wafer contacts a 
clamp or shield, such as that described by Talieh 5 
et al. in U.S. Patent 5,131,460, or shadow ring. 
Such shadow rings are used in chemical vapor 
deposition. The concept is also applicable to any 
movable part within a deposition chamber in which 
the movement causes two parts to impact one w 
another, particularly where one of them is a silicon 
wafer, for example a support ring or support fingers 
which lift a wafer off a robot paddle. 

Although a controller 400 interconnected to 
counter 420 and zero apparatus 440 has been 75 
described for initiating compensating movement of 
the heater plate 32 in response to target 16 ero- 
sion, other controllers, including electrical, pneu- 
matic, hydraulic or mechanical devices, could be 
substituted for the controller 400. 20 

Although a preferred embodiment is described 
herein, one skilled in the art may change sizes and 
materials thereof without deviating from the scope 
of the invention. For example, the sensors 60 may 
be changed, and controller 400 eliminated alto- 25 
gether, or actuators other than a motor 66 and 
incremental motion actuators other than worm 
drives 76 may be used, without eliminating the 
improvement to the pedestal and heater actuator 
50. Additionally, mechanical means may be used 30 
to cause additional incremental movement of the 
heater plate 32 in response to target 16 erosion, or, 
a physical stop may be used to limit the travel of 
the pedestal, and the position of stop itself may be 
incrementally changed to allow additional pedestal 35 
movement to compensate for target erosion. Fur- 
ther, the advantages of the invention may be en- 
joyed by compensating for erosion after each wafer 
is processed, or, after small groups of wafers are 
processed. *o 

Claims 

1. A method of positioning an object (26) on a 

support member (32) in an enclosure (10), 45 
comprising; 

locating the support member (32) in the enclo- 
sure (10); 

positioning the support member (32) in a first 
position (12) in the enclosure (10); 50 
providing the object (26) at an intermediate 
position (24) in the enclosure (10); 
moving the moveable support member (32) at 
a first speed from the first position (12) to a 
position immediately adjacent the intermediate 55 
position (24); and then 

moving the support member (32), at a second 
speed different from the first speed, from the 


position immediately adjacent the intermediate 
position (24) through the intermediate position 
(24) to locate the object (26) on the support 
member (32). 

2. The method of claim 1, wherein the object (26) 
is a ring. 

3. The method of claim 1 or 2, further including 
the step of placing a substrate (30) into the 
enclosure (10) and onto the support member 
(32) when the support member (32) is in the 
first position (12). 

4. The method of any one of the preceding 
claims, wherein said enclosure (10) is a sput- 
tering chamber. 

5. The method of any one of the preceding 
claims, further including the step of moving the 
support member (32) from the intermediate 
position (24) to a second position (14). 

6. The method of any one of the preceding 
claims, wherein the support member (32) is 
moved from the intermediate position (24) to 
the second position (14) at a third speed. 

7. The method of claim 6, wherein the first speed 
and the third speed are greater than the sec- 
ond speed. 

8. The method of claim 6, wherein the first speed 
and the third speed are equal. 

9. The method of any one of the preceding 
claims, further including the steps of: 
providing a drive member (50) to position the 
support member (32) in the enclosure; 
providing an intermediate control member 
(400) to control the drive member (50). 

10. The method of claim 9, further including the 
step of providing at least one position sensing 
member (60,61) which is interactive with the 
drive member (50) and/or the control member 
(400). 

11. The method of claim 10, further including the 
steps of: 

providing a signal from the control member 
(400) to the drive member (50) to move the 
support member (32) away from the second 
position (14); and 

detecting the position of the support member 
(32) at the first position (12) with the position 
sensing member (61). 
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12. The method of claim 10 or 11, further including 
the steps of: 

providing a signal from the controller (400) to 
the drive member (50) to move the support 
member (32) from the first position (12) toward 
the intermediate position (24) at a first speed; 
detecting the cumulative movement of the sup- 
port member (32) from the first position to- 
wards the intermediate position (24) with the 
sensing member (60); 

providing a signal from the controller (400) to 
the drive member (50) to reduce the speed of 
the support member (32) to a second speed 
when the support member (32) is positioned 
adjacent the intermediate position (24); 
detecting the cumulative movement of the sup- 
port member (32) through the intermediate po- 
sition (24) with the sensing member (60); 
providing a signal from the control member 
(400) to the drive member (50) to increase the 
speed of the support member (32) after the 
support member (32) has passed through the 
intermediate position (24); and 
providing a signal from the control member 
(400) to the drive member (50) to stop the 
movement of the drive member (50) when the 
support member (32) is positioned at the sec- 
ond position (14), the control member (50) 
providing the signal after the sensing member 
(60) senses the movement of the support 
member (32) from the first position (12) to the 
second position (14). 

13. The method of any one of claims 3 to 12, 
wherein the sputtering chamber includes a 
sputtering target (26) located adjacent the sec- 
ond position (14). 

14. The method of claim 13, wherein the distance 
between the first position (12) and the second 
position (14) increases as the sputtering target 
(16) erodes. 

15. A method of positioning a substrate support 
(32) at a specific distance from the surface of a 
target (16) in a processing chamber (10) as the 
target (16) erodes as a result of the consecu- 
tive processing of substrates (30) with the tar- 
get (16) especially in the context of the pro- 
cess of any one of the preceding claims, said 
method comprising: 

connecting a drive member (50) to the sub- 
strate support (32); 

moving the drive member (50) to move the 
substrate support (32) from a position a dis- 
tance from the target (16) to the specific dis- 
tance from the target; 

providing a logic member (400) interactive with 


the drive member (50) to increase the distance 
the drive member (50) moves to position the 
substrate support (32) at the specific distance 
from the target (16) by an amount correspond- 
5 ing to target (16) erosion resulting from the 

previous processing by the target (16) of one 
or more substrates (30). 

16. An apparatus for positioning an object (26 or 
10 30) at multiple positions within an enclosure 

(10), especially for carrying out the method of 
any one of the preceding claims, said appara- 
tus comprising: 

a moveable positioning member (34) disposed 

75 at least partially within said enclosure (10); 

said moveable positioning member (34) 
moveable from a first position (12) to an inter- 
mediate position (24) in said enclosure (10), 
and from said intermediate position (24) to a 

20 second position (14) in said enclosure (10); 

the object (30) positionable within said enclo- 
sure (10) to be received on said moveable 
positioning member (34) at said intermediate 
position (24); and 

25 a drive member (50) connected to said movea- 

ble positioning member (34) and configured to 
move said moveable positioning member (34) 
between said first position (12), said intermedi- 
ate position (24) and said second position (14) 

30 at different speeds. 

17. The apparatus of claim 16, wherein: 

said moveable positioning member (34) in- 
cludes a first portion (32) located in the enclo- 
35 sure (10) to receive the object (26 or 30) 

thereon and a second portion (33) connected 
to said first portion (32) and said drive member 
(50); and/or 

said drive member (50) is configured to move 
40 said first portion (32) from said first position 

(12) to a position immediately adjacent said 
intermediate position (24) at a first speed, and 
further move said first portion (32), from said 
position immediately adjacent said intermedi- 
45 ate position (24) and through said intermediate 

position (24), at a second speed. 

18. The apparatus of claim 17, wherein said sec- 
ond portion (33) is connected to said drive 

so member (50) outwardly of said enclosure (10). 

19. The apparatus of any one of claims 16 to 18, 
wherein the object is a ring (26). 

55 20. The apparatus of any one of claims 16 to 19, 
wherein the enclosure (10) is configured as a 
sputter chamber, and a sputtering target (16) is 
located adjacent said second position (14). 
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21. The apparatus of any one of claims 16 to 20, 
wherein said second position (14) is a fixed 
distance from the surface of the target (16), 
and the distance between said second position 
(14) and said first position (12) increases as 5 
the target (16) erodes. 

22. The apparatus of any one of claims 16 to 21, 
wherein a substrate (30) is receivable on said 

first portion (32) at said first position (12). w 

23. An apparatus especially according to any one 
of claims 16 to 22 for compensating for target 
erosion occurring during sequential processing 

of substrates (30) in a chamber (10) having a 15 
deposition target (16) therein, comprising: 
a substrate support member (32) disposed 
within the chamber (10), having an end portion 
(33) extending from the chamber (10), and 
moveable between a first position (12) to re- 20 
ceive the substrate (30) thereon and a second 
position (14) a pre-selected distance from the 
target (16) to position the substrate (30) there- 
on adjacent the target (16) for processing; and 
a drive member (50) interconnected to said 25 
end portion (33) to move said substrate sup- 
port member (32) between said first position 
(12) and said second position (14), said drive 
member (50) including a logic member (400) 
responsive to the amount of target erosion 30 
resulting from previous processing with the 
target (16) to cause the drive member (50) to 
increase the travel of said substrate support 
member (32) thereon between said first posi- 
tion (12) and said second position (14) to com- 35 
pensate for the erosion. 
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